many injectable drugs cannot be mixed together in syringes or infusions. Some cannot be safely diluted in infusion bags. Incompatibility can involve precipitation, ionic reactions, evolution of gas and denaturation of biological molecules. Knowledge of drug compatibility is needed before mixing drugs. Reference texts can provide information, but data are often unavailable for new drugs. If drugs are mixed together, the mixture should be inspected for precipitates, turbidity or changes in colour, however not all incompatibilities are visible.
Introduction
Mixing solutions of parenteral drugs is generally not 
mechanisms of incompatibility
Incompatibility problems are more likely to arise when small concentrated volumes are mixed in a syringe rather than in the larger volume of an infusion bag. This is because of higher mutual drug concentrations and potentially greater pH changes in the more concentrated solution. The absence of any visible change to a solution upon mixing does not automatically exclude degradation of either or both components.
Drugs that precipitate upon dilution
Precipitation of a drug from its concentrated injection solution when it is diluted with water or saline is counter-intuitive.
However, a small number of injection solutions are formulated in non-aqueous solvents to allow dissolution of a poorly water soluble substance in a small volume. In these formulations, dilution of the non-aqueous injection vehicle with water or saline may precipitate the drug.
The problem is frequently observed when diazepam injection is diluted. Diazepam is very poorly water soluble so it is formulated as an injection solution in a vehicle comprising 50%
propylene glycol and 10% ethanol. At first, dilution produces a slight turbidity which clears upon mixing, but dilution beyond fourfold produces an opaque white precipitate which does not clear until substantial further dilution.
Other drugs which demonstrate solubility problems and which are formulated in injection vehicles other than simple aqueous solutions include digoxin, clonazepam, phenytoin, amiodarone and phytomenadione. In some cases, the manufacturer recommends administration of the undiluted drug. In other cases, care needs to be taken to ensure that if the injection solution is diluted, the dilution is adequate to ensure continuing solubility over the duration of the infusion.
Precipitation of drugs due to pH change upon mixing
The water solubility of any drug is enhanced by ionisation of the molecule. For a drug molecule which acts as a proton acceptor (a Lowry-Bronsted base), ionisation is achieved by formulation in a low pH solution usually as a hydrochloride or hydrogen sulfate salt (for example, amiodarone hydrochloride or adrenaline acid tartrate). Conversely, for a drug molecule which can lose a proton or hydrogen ion (a Lowry-Bronsted acid -usually a weak organic acid), ionisation is achieved 
Ionic reactions forming insoluble substances

Denaturation of biological molecules
Biological substances including blood products and insulin are prone to denaturation when exposed to variations in pH and osmolality. While published compatibility data exist for insulins and some of the blood products, most recently marketed biological drugs such as infliximab, interferons and recombinant coagulation factors have no such data available and mixing with other drugs is not recommended.
Evolution of gas
Addition of an acidic drug solution to a solution containing a carbonate or bicarbonate may result in production of carbon dioxide gas. However, the evolution of gas is a normal part of the reconstitution of some drugs, notably ceftazidime.
use reliable reference material 
Palliative care
There are a number of drugs that are commonly delivered via syringe driver to patients having palliative care in the community (see box). Combinations of two, three or more of these drugs occasionally need to be co-administered via syringe driver. Specialist references dealing with their mutual compatibilities need to be consulted. 3 
Conclusion
While some general principles can be applied to the mixing of injection solutions, they are fraught with exception and applicability varies with circumstance. Mixing is best avoided.
If circumstances are so compelling as to warrant mixing any two or more solutions, there should be support from published compatibility data. A visual check for precipitation, turbidity or colour change should be carried out before administering the mixture, but does not guarantee compatibility.
